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ABSTRACT

Final Report: Molecular Genetic Equipment for Improved Inventory and Monitoring of Species of Conservation 
Concern on Department of Defense Lands

Report Title

The Laboratory for Ecological, Evolutionary and Conservation Genetics in the College of Natural Resources at the University of Idaho was 
tasked with designing methods to monitor species of concern on DoD lands as part of four DoD grants.  With the funds granted we were able 
to 1) upgrade our computing lab with new computers and versions of software and 2) expand the capacity of the lab for a higher throughput 
of samples.  Areas of expanded capacity and throughput include DNA extraction and sample tracking (extraction robot, centrifuges, 
barcoding equipment), DNA amplification and quantification (standard and quantitative PCR machines), sample storage (refrigerators and 
freezers).  This expanded capacity has allowed for the analysis of over 5000 fecal samples from terrestrial vertebrate species and over 1400 
environmental DNA from aquatic vertebrate species.  The equipment purchases resulted in the acquisition of new skills for 19 laboratory 
personnel and the analyses of data generated from the new equipment led to seven peer reviewed publications and 19 meeting presentations.
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Robert C. Lonsinger, Eric M. Gese, Steven J. Dempsey, Bryan M. Kluever, Timothy R. Johnson, Lisette P. 
Waits. Balancing sample accumulation and DNA degradation rates to optimize noninvasive genetic 
sampling of sympatric carnivores,


Molecular Ecology Resources,  (07 2015): 1. doi: 10.1111/1755-0998.12356

Susannah P. Woodruff, Jennifer R. Adams, Timothy R. Johnson, Lisette P. Waits. Rapid species 
identification of Sonoran pronghorn from fecal pellet DNA,


Wildlife Society Bulletin,  (12 2014): 842. doi: 10.1002/wsb.477
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Distribution Model for a Rare Desert Carnivore, the Kit Fox,


PLoS ONE,  (10 2015): 0. doi: 10.1371/journal.pone.0138995

Caren S. Goldberg, Katherine M. Strickler, David S. Pilliod. Moving environmental DNA methods from 
concept to practice for monitoring aquatic macroorganisms,


Biological Conservation,  (03 2015): 1. doi: 10.1016/j.biocon.2014.11.040

Robert C. Lonsinger, Eric M. Gese, Lisette P. Waits. Evaluating the reliability of field identification and 
morphometric classifications for carnivore scats confirmed with genetic analysis,


Wildlife Society Bulletin,  (09 2015): 593. doi: 10.1002/wsb.549

S. P. Woodruff, T. R. Johnson, L. P. Waits. Evaluating the interaction of faecal pellet deposition rates and 
DNA degradation rates to optimize sampling design for DNA-based mark-recapture analysis of Sonoran 
pronghorn,


Molecular Ecology Resources,  (07 2015): 843. doi: 10.1111/1755-0998.12362

Katherine M. Strickler, Alexander K. Fremier, Caren S. Goldberg. Quantifying effects of UV-B, 
temperature, and pH on eDNA degradation in aquatic microcosms,


Biological Conservation,  (03 2015): 85. doi: 10.1016/j.biocon.2014.11.038
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Fremier, A. K., C. S. Goldberg, K. M. Strickler (2014, November) Environmental DNA as a tool for inventory and monitoring of aquatic 
vertebrates. Department of Defense SEDRP and ESTCP Joint annual Fall In-Progress Review, Arlington, VA.


Waits, L. P., R. Lonsinger, S. P. Woodruff (2014, November) Monitoring species of concern using noninvasive genetic sampling and 
capture-recapture. Department of Defense SEDRP and ESTCP Joint annual Fall In-Progress Review, Arlington, VA.


Strickler, K. M., C. S. Goldberg, and A. K. Fremier (2014, August). Environmental DNA sampling strategies in lentic and lotic systems. 
American Fisheries Society Annual Meeting, Quebec City, Quebec, Canada. Invited talk.


Goldberg, C. S., J. Brunner, E. Hall, K. M. Strickler, A. K. Fremier, and E. Crespi (2014, July). Simultaneous detection of amphibian 
pathogens and their vertebrate hosts in aquatic systems. North American Congress for Conservation Biology, Missoula, MT. Invited talk.


Waits, L. P., S. P. Woodruff, R. Lonsinger (2014, July). Designing effective noninvasive genetic sampling approaches for monitoring 
wildlife populations. North American Congress for Conservation Biology Annual Meeting, Missoula, MT.


Woodruff, S. P., P. Lukacs, L. P. Waits (2014, July). Simultaneous demographic monitoring of predator and prey population sizes using 
fecal DNA sampling. North American Congress for Conservation Biology, Missoula, MT.


Fremier, A. K. , K. M. Strickler, and C. S. Goldberg (2014, June). Using environmental DNA in monitoring programs for fish and 
amphibians. Yakima Basin Science & Management Conference, Ellensburg, WA.


Goldberg, C. S., K. M. Strickler, and A. K. Fremier (2014, May) Modeling environmental DNA detection of aquatic species across systems. 
Joint Aquatic Sciences Meeting, Portland, OR. Invited talk.


Byerly, P., R. Lonsinger, L. P. Waits (2014, March). Resource partitioning between sympatric carnivores: a comparison of historic and 
contemporary dietary overlap. Idaho Chapter of the Wildlife Society, Boise, ID.


Woodruff, S. P., T. R. Johnson, L. P. Waits (2014, March) Preliminary results of non-invasive genetic sampling for mark-recapture studies 
of endangered Sonoran pronghorn. Idaho Chapter of the Wildlife Society, Annual Meeting, Boise, ID.


Strickler, K. M., Goldberg, C. S., and A. K. Fremier (2014, March). Monitoring aquatic amphibian and reptile populations using 
environmental DNA. National Military Fish and Wildlife Association, Denver, CO.


Lonsinger, R. (2014, April). Conservation genetics: using noninvasive genetic sampling to investigate two sympatric Ccrnivores. Integrated 
Natural Resource Management Annual Meeting, Salt Lake City, UT. Invited talk.


Goldberg, C. S. (2014, February). Detection of stream species using environmental DNA: spatial and temporal inference. Society for 
Northwestern Vertebrate Biology, Pasco WA. Invited talk.


Lonsinger, R., E. Gese, L. P. Waits (2014, January). Balancing scat deposition and fecal DNA degradation rates to optimize concurrent 
noninvasive genetic sampling of intraguild predator and prey species. Gordon Research Conference on Predator-Prey Interactions, Ventura, 
CA.


Woodruff, S. P., L. P. Waits (2014) Preliminary results of non-invasive genetic sampling for mark-recapture studies of endangered Sonoran 
pronghorn and coyotes with Sonoran pronghorn range. Collaborator meeting, Cabeza Prieta National Wildlife Refuge, Ajo, AZ.


Fremier, A. K., C. S. Goldberg, K. M. Strickler (2013, November) Environmental DNA as a tool for inventory and monitoring of aquatic 
vertebrates. Department of Defense SEDRP and ESTCP Joint annual Fall In-Progress Review, Arlington, VA.


Waits, L. P., R. Lonsinger (2013, November). Monitoring Species of Concern Using Noninvasive Genetic Sampling and Capture-
Recapture. Department of Defense SEDRP and ESTCP Joint annual Fall In-Progress Review, Arlington, VA.


Lonsinger, R., E. Gese, L. P. Waits (2013, October). Balancing scat deposition and fecal DNA degradation rates to optimize noninvasive 
genetic sampling of carnivores. The Wildlife Society Annual Meeting, Milwaukee, WI.


Goldberg, C. S., K. Strickler, A. Fremier, L. P. Waits (2013, September). Factors affecting detection probability of fishes and amphibians 
using environmental DNA sampling. American Fisheries Society, Little Rock, AR. Invited talk.

(c) Presentations

Received Paper

TOTAL:



Number of Non Peer-Reviewed Conference Proceeding publications (other than abstracts):

Peer-Reviewed Conference Proceeding publications (other than abstracts): 

Number of Peer-Reviewed Conference Proceeding publications (other than abstracts): 

19.00Number of Presentations:

Non Peer-Reviewed Conference Proceeding publications (other than abstracts):

(d) Manuscripts

Received Paper

TOTAL:

Received Paper

TOTAL:

Received Paper

TOTAL:



Books

Number of Manuscripts:

Patents Submitted

Patents Awarded

Awards

Graduate Students

Names of Post Doctorates

Received Book

TOTAL:

Received Book Chapter

TOTAL:

PERCENT_SUPPORTEDNAME

FTE Equivalent:

Total Number:

PERCENT_SUPPORTEDNAME

FTE Equivalent:

Total Number:



Sub Contractors (DD882)

Names of Faculty Supported

Names of Under Graduate students supported

Names of Personnel receiving masters degrees

Names of personnel receiving PHDs

Names of other research staff

Number of graduating undergraduates who achieved a 3.5 GPA to 4.0 (4.0 max scale):
Number of graduating undergraduates funded by a DoD funded Center of Excellence grant for 

Education, Research and Engineering:
The number of undergraduates funded by your agreement who graduated during this period and intend to work 

for the Department of Defense
The number of undergraduates funded by your agreement who graduated during this period and will receive 

scholarships or fellowships for further studies in science, mathematics, engineering or technology fields:

Student Metrics
This section only applies to graduating undergraduates supported by this agreement in this reporting period

The number of undergraduates funded by this agreement who graduated during this period:

0.00

0.00

0.00

0.00

0.00

0.00

0.00

The number of undergraduates funded by this agreement who graduated during this period with a degree in 
science, mathematics, engineering, or technology fields:

The number of undergraduates funded by your agreement who graduated during this period and will continue 
to pursue a graduate or Ph.D. degree in science, mathematics, engineering, or technology fields:......

......

......

......

......

PERCENT_SUPPORTEDNAME

FTE Equivalent:

Total Number:

PERCENT_SUPPORTEDNAME

FTE Equivalent:

Total Number:

NAME

Total Number:

NAME

Total Number:

PERCENT_SUPPORTEDNAME

FTE Equivalent:

Total Number:

......

......



Inventions (DD882)

Scientific Progress

See attached.

Technology Transfer



Our research group has been developing methods for effectively implementing noninvasive 
genetic sampling (NGS) and environmental DNA (eDNA) techniques for managing biological 
resources on DoD lands through four DoD grants.  This equipment grant provided funding to 
enhance and expand the equipment for NGS and eDNA analyses at our molecular genetics core 
facility, the Laboratory for Ecological, Evolutionary and Conservation Genetics in the College of 
Natural Resources at the University of Idaho. The facility contains equipment for DNA 
extraction and amplification using traditional and quantitative PCR methods plus DNA 
sequencing and fragment analysis using capillary electrophoresis.  This grant provided 
equipment to 1) augment our current research capacity by expanding our ability to process large 
numbers of samples quickly and accurately and 2) position us to adapt and develop new research 
capabilities as they apply to DoD resource management challenges.  The purchased equipment 
will also provide new opportunities for undergraduate and graduate student training in this 
research area.   
 
This equipment was used to process over 5000 fecal DNA samples for terrestrial vertebrate 
species on DoD and adjacent lands for genetic monitoring of kit fox (Vulpes macrotis), coyote 
(Canis latrans), and Sonoran pronghorn (Antilocapra americana sonoriensis). Additionally, 
equipment was used to analyze over 1400 eDNA samples for the presence of at-risk fish, 
amphibians and an aquatic reptile (Thamnophis equus). 
 
The purchase of this equipment providing training for two Ph.D. graduate students, 12 
undergraduate students, 1 research scientist and 6 laboratory technicians.  The application of 
methods using this equipment has resulted in 7 publications, 19 meeting presentations, 7 
presentations to DoD staff, and webinars in the SERDP/ESTCP series, DoD PARC series, and 
USGS eDNA series since funding was received in 2013. 
 
Table 1. Manufacturer, model and purchase price of all equipment purchased. 
Equipment Item Manufacturer Model Amount  
96 Well Quantitative PCR 
Machine  

Applied Biosystems QuantStudio 7 Flex 44648.78 

Data Analysis Software 
Upgrade and Rewire 
Computer Lab 

Applied Biosystems Genemapper 5.0 8962.00 

  Sequence Analysis 
6.0 

 

Computer Lab Capacity and 
Data Analysis Upgrade 

GeneCodes Corporation Sequencher 5.0 15094.21 

 Dell Optiplex 9020  
Thermalcycler System Bio-Rad C1000 Touch (2) 27970.00 
  S1000 (4)  
Centrifuge System Eppendorf 5430R 15572.50 
 Labnet Hermle Z400  
DNA Quantification and 
Sterilization 

Invitrogen Qubit 2.0 5549.76 

 Bioclave 16 liter  
Barcoding Sample Labeling Brady BP-1P600 6357.95 



System 
Sample Storage System American Biotech Supply TempTech 2000 34009.65 
Refrigerator and Freezers ZSC1 Biomedical DF-8524  
 So-Low FU85-22  
 Kenmore 20.2 cu. ft.  
 Phenix Freezer Racks Freezer Box  
DNA Extraction Robot Qiagen, Inc QiaCube 11349.15 
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